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PREFACE

This report was prepared under DA Project 4A161102B52C, Task
OC, Work Unit 010, "Indicators of Terrain Conditions."

This report was prepared during the period 1985-1991 under
the supervision of Dr. Jack N. Rinker, Chief, Remote Sensing Div-
ision; and Mr. John V.E. Hansen, Director, Research Institute.

The Desert Processes Working Group members are: Dr. Jack N.
Rinker and Ms. Phyllis A. Corl ot USAETL, and Ms. Carol S. Breed
and Dr. John F. McCauley (Emeritus) of USGS.

The Desert Processes Working Group would like to thank Ms.
Doris Weir, USGS, Flagstaff, AZ, for extensive editing and
rewriting of portions of the Guide, and to the USAETL editorial
staff for their assistance during preparation of the final copy
for printing.

When Operation Desert Shield starte', demand for this manual
instantly emerged, even though it was in an unedited draft form.
By the end of Operation Desert Storm, the U.S. Marine Corps had
pfinted and distributed over 27,000 copies of the manual.

As of I October 1991, the U.S. Army Engineer Topographic
Laboratories will change its name to the U.S. Army Topographic
Engineering Center.

Colonel David F. Maune, EN, was Commander and Director, and
Mr. Walter E. Boge was Technical Director of the U.S. Army Engi-
neer Topographic Laboratories during final preparation of the
report.
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INTRODUCTION

Tn suppor•- of military operations, Army terrain analysts are fre-
quently required to provide terrain information about some area,
and to do so quickly--sometimes in hours. The task is not easy
because of the lack of, or inadequacy of, information resources
for much of the world. Detailed and reliable terrain information
required by the analysts is not yet available in the Defense Map-
ping Agency (DMA) data bases, nor in existing maps, and neither
can iL be obtained by computer analysis of digital imagery. It
can, however, be derived by the manual, or "eyeball" evaluation
of image patterns. Airborne and satellite remote sensor imagery,
in one form or another, is now available for most of the world.
The translation of these image patterns into forms usable by ter-
rain analysts, however, has not been done. To bridge this --p.
for at least one climatic region, the Desert Processes Working
Group4 has developed this Remote Sensing Field Guide. Members of
this Group have extensive field experience and a large repository
of aerial photography and satellite imagery of the world's des-
erts. The U.S. Geological Survey (USGS) members, particularly,
have an extensive collection of ground photographs, notes, and
samples from foreign deserts. The guide is based on the Air
Photo Indicator Sheets developed at th- U.S. Army Engineer Topo-
graphic Laboratories (USAETL),I the results of the USAETL/USGS
Workshop on Desert Processes, 2 the cooperative research on desert
processes by USGS and USAETL, and meetings with terrain analysts
of the U.S. Army.

Because three-dimensional shape is the most direct link to ter-
r~iin properties in terms of form, composition, and condition, the
critical need is for stereoscopic imagery. Although information
can b:e derived from small-scale monoscopic imagery, such as
Landsat Thematic Mapper (TM) scenes, the results are restricted
in quality and quantity--excellent for portraying regional char-
acteristics and relations, but not adequate for tactical applica-
tions. As needed, however, such information can be converted
into reliable tactical data bases by the analysis of larger scale
stereoscopic images, or by air and ground reconnaissance. Each
pattern element in an image is indicative of some characteristic
in the landscape, and a careful evaluation and interpretation of
these patterns can yield the types of terrain information shown
in TaLle 1. Tactical information is goal oriented, and require-
meitts vary in relation to the military operation envisioned.
Examples of tactical information that can be derived from the
terrain data of Table 1 are shown in Table 2.

Although developed for military uses, this guide can serve all
who travel and work in desert regions.

".The Tesert Processes Worker:/ Group is a joint endeavor between USAETL's

Remote SensisN Division of the Research Institute, and USGS's Desert Studies
Group at ;1agstaff, Arizona.



ARRANGEMENT AND FORMAT OF THE GUIDE

Most entries in the loose-leaf guide have a single-sheet format,
which will allow the user to arrange the information according to
need. This format also enables easy update and additions in the
form of periodic supplements. The present guide has the follow-
ing sections:

Classification of Desert Patterns
Summary Sheets
Pattern Indicator Sheets
Image File Sheets
Operational Comments
Application Examples

Classification of Desert Patterns. The first task was to produce
a classification of patterns found in deserts in a form suitable
for image analysis (Table 4). Because future field studies and
research will require changes in the guide, the classification
system is compartmented so that it can be easily added to, sub-
tracted from, or otherwise altered without destroying the basic
structure.

Summary Sheets. Each item in the classification (Table 4) will
have a single sheet entry that gives the following informatio.',
where pertinent:

Name of the feature or pattern
Description

Shape, orientation, distribution, characteristics
Origin or Regime (wind, water, or other)
Engineering and Military Uses

Soil texture, if known, and the indicative value
of the pattern in terms of support for foot or
vehicular traffic, limits on speed and direction
of movement, support for fixed- and rotary-owing
aircraft operations, potential for dust genera-
tion, cover and concealment, sources and types of
engineering materials, potential water sources,
navigation points, and sites for ambush, defi-
lade, observation, bivouac, rest and repair.

Foreign Names and Synonyms
References

Pattern Indicator Sheets. Each Summary Sheet is illustrated by
Pattern Indicator Sheets that show the feature in various types
of monoscopic and stereoscopic imagery, such as ground and aerial
photography (vertical and oblique), radar, or Landsat. After the
basic document is published, additional sheets will be distrib-
uted periodically. These sheets contain the following informa-
tion:

2



Name of the feature or pattern
Location

Country, specific area therein, and latitude/
longitude where known

Climate (based on Trewartha) 3,4
Image Credits

Type of image, source, identifying information,
imaqe characteristics, date, scale

One or more illustrations
Comments

A brief description of the imaged feature or
pattern

Engineering and Military Uses
Soil texture, if known, and the indicative value
of the pattern in terms of support for foot or
vehicular traffic, limits on speed and direction
of movemenL, support for fixed- and rotary-wing
aircraft operations, potential for dust genera-
tion, cover and concealment, sources and types of
engineering materials, potential water sources,
navigation points, and sites for ambush, defi-
lade, observation, bivouac, rest and repair.

Reference(s) where applicable

Image File Sheets. These are single-sheet presentations of im-
aqes listed according to feature or pattern type, without text.
They serve to illustrate varieties of features or patterns. Ad-
ditional sheets will be distributed periodically. They contain
the followina information:

Name of the feature or pattern
Image type
Location
Climate
Image credits
Comments (if needed)

Operational Comments. Entries about a feature, condition, or ac-
tivity, such as dust, navigation, and cross-country movement.

Appendices. This provides a place for future inclusion of topics
such as a glossary, distribution of desert patterns, etc.

Application Examples. This provides a place for future inclusion
of completed image analyses.

CLIMATE CLASSIFICATION

11rief summaries of the climatic conditions in areas where pat-
terns or features are shown are given in a two-part entry on the
i.-ttern Indicator Sheets and on the Image File Sheets. In the
first part of the entry, climate is expressed in commonly used
te rei-s "kuch as extremely dry (hyperarid), dry, arid, n-umid, and

3



subhumid. Though lacking in precision, these terms have a gener-
ally understood descriptive connotation. In the second part,
climate is expressed in the symbols and termirology of a world-
wide classification system (Table 3) developed by Trewartha, 3 ,4

which is a simplified version of a system developed by Kdppen., )'

The symbols are combinations of upper- and lower-case letters,
with each succeeding letter providing more detailed information.
Because this is a general, regional classification, some of the
examples shown in this Guide do not seem to belong in the cited
category. Such anomalies are to be expected because climatic re-
gions are not homogeneous throughout, and because borders between
climatic zones are commonly gradual rather than abrupt. Further-
more, the maps showing climatic zones of the examples are of
small scale. Climatic classes and boundaries can also change as
regions undergo climatic alteration.

4



Table 1.

Terrain Information That Can Be Derived From Image
Analysis By Direct Observation, or By Inferential
Procedures, and Which Can Be Converted Into Data
Bases in Support of Military Operations

r;ra i tageways
Strca-m channels, lakes, playas, sabkhahs

Geologic structure

Fractures, faults, beddinq

!,a ni< forms

Mountains, hills, plains, valleys, basins,
ridqes, knobs, plateaus, yardangs, dunes,
mounl(ls, escar[-ments

C'bs tac I es
"brainageways, escarpments, coppice dunes,
rocks, knots and ridges, vegetation mounds

Surf ýce characteristics
.k,,d, soft, firm, loose, sticky, crusted,

cement ed
Dry, wet
Smooth, rouqh, rolling, dissected

Surface composition
iRocky an(] rubbly, sharp rock fragments,
"luricrust, gravel, sand (sheets, ripples,
drifts, streaks), silt, clay, evaporites

To e/Thxture
Light tones

Frequently associated with loose sand,
silt, dry playas and sabkhahs, evaporites

Dark tones
Frequently associated with vegetation,
varnish, lag, duricrust, moisture, wet
playas, sabkhahs, and recent basaltic
volcanic rocks

Unstable slopes and conditions

Vegetation types
Distribution and characteristics

t5



Table 2.

Tactical Information That Can Be Derived
From The Data Base Elements In Table I

Excavation potential

Cover and concealment

Dust yeneration potential

Engineering construction problems
Unstable slopes, conditions, and materials

Engineering materials (sand, gravel, rock, timber)

Hlazards
Sharp rocks (flat tires), thorns, flash
floods, quick conditions

Navigation points (visible and common to maps and
imagery)

Restrictions on surface movement and speed (foot,
vehicle)

Restrictions on aircraft operations (fixed- and
rotary-wi ng)

Sources for water

Sites for ')bservation, ambush, defilade, drop
zones, rendezvous, bivouac, rest and repair,
and shelter from sun, wind, and blowing sand

Terrain to avoid

I[ , • i m • mmnmm um iureInnl• m unt



Table 3.

Symbols and Meanings Used in The Guide to Denote Climate
Characteristics (From Trewartha). ',

uc<cltecc~ries (upp-er case letters):

Yrr~~calRainy Cl1imates
Vt'1 CI iiates

P s Pry clim,,ate, steppe
S Pry climate, desert, "W" from

w 1; st,, t--- German word for diesert
Mc~i eso-Thermal Climates

<i, 1 Nlicro-Thermal Climates
Pc Ia r Climates

V? 01 r i P:at ,tundra

LI ~' larclimate, icecap-

§.>:ri~cs (lo~wer case letters)

Wan' riest irrnth ab-ove 22 0 C
V% ari-est monith helo'.& 22'(2
l ess than four m--oniths over IO'C

ScE eI "as ' rut coldest month below -38'C
h md dry. All months above 00C

"I"from. heiss, the German word for hot
. Qan r(y. At least one' month b~elow 00C

W'fr-o- kalt, the German word for cold
~ r~nrain wýith short dry season. Total
rainfall enough to support a rainforest

1-ren--uent foe,. "n" from nebel, the German
wordl for fnoe

In freciuent foa, hut with high humidity and

low raInfall
S ,r sasV in summer

I ry season in winter



Table 4.

Classification of Desert Patterns

DEPOSITIONAL PATTERNS AND TRANSPORTE) MATERIAL

WIND WATER

Dunes Playas
Linear/Seif Sabkhahs
Crescentic Alluvial Features

Barchan/Megabarchan and Fans
Barchanoid/Megabarchanoid Bajadas

Transverse Gravel Plains
Reversing

Star
Dome
Climbing
Falling
Lee/Shadow
Parabolic
Lunette
Coppice
Vegetation Mounds

Ripples
Sand
Truncated
Pebble/Grael
Granule (Megaripples)
Giant

Sand Plains/Sand Sheets
Streaks/Drifts

Sand Seas/Ergs/Dune Fields

EROSIONAL PATTERES AND RESIDUAL MATERIAL SPECIAL AND MINOR PER1¶JRS
WIND WATER Beach Ridges

Interdune Areas Badlands Burn Scars
Depressions Pediments Desert Pavement

Deflation Hollows/ Drainage Courses Dikes
Basins/Blowouts Rivers Duricrusts

Grooved Terrain Wadis Caliche
Yardangs Washes Gypcrete
Hoodoos Gullies Laterite/Ferricrete

Arroyos Silcrete
Ravines/Canyons Dust
Inverted Escarpments

Inselbergs/Hills/Knobs Nafash
Monuments Tafoni

Solution Pans/Pits/ Varnish
Cavities/Hollows Ventifacts

Seasonal and Cyclic Changes

CULTURAL FEATURES

Abandoned Structures/Ruins
Agriculture
Fencelines
Industrial
Residential
Transportation
Water Related

Sep 1991
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SUMMARY SHEET - DESERT DUNES

DEPOSITIONAL PATTERNS GENERAL

TRANSPORTED MATERIAL - WIND

DESCRI[PTION: Dunes are accumulations of loose, well-sorted, windblown sand grains
(mostly very fine to medium) in wavelike mounds or ridges whose characteristic

shapes are maintained by periods of wind-induced, grain-by-grain movement. Dunes
occur wherever topographic and climatic conditions permit the deposition of sand-

sized, wind-borne material; they are usually found in arid regions where wind ero-
sion is less inhibited by vegetation. Dunes tend to migrate from sources of sand,
such as riverbeds, beaches, and playas, to sites of accumulation that are topo-

graphically controlled, such as basins and valleys. Individual mounds or ridges
are meters to hundreds of meters high. They have one or more gentle upwind slopes
of about 10 to 200, one or more steep lee slopes of about 320 (the angle of repose

of loose, dry sand), and may have extending arms of various shapes and sizes. The
upwind surfaces are usually hard packed and smooth, locally cut by minor Jlutes,

grooves, and hollows (blowouts). The lee slopes are soft and unstable, and are
called slip faces, or avalanche faces. Dunes can occur as solitary features, but

are more common in groups called fields. Regionally extensive fields are called

sand seas or ergs. Any given dune field, or erg, usually consists of individuals
of similar shapes repeated across the center of a field; variations in shape are

common along the margins. Within a field or erg, individual dunes are separated
by areas of desert floor whose shape and extent are related to the dune type (see
Summary Sheet for Interdune Areas). In areas of occasional rainfall, the base of

a dune may store enough moisture to nourish grasses in the interdunal flat immedi-

ately adjacent, and seepage of moisture may occur around the dune perimeter.

The types of dunes listed below are classified on the basis of the external shape
of the dune and the arrangement of its slip faces, if any, relative to its shape

in plan view. These characteristics are primarily functions of wind direction and
sand supply, although local topography and presence of vegetation are also impor-

tant factors. All have variant forms called simple, compound, and complex. Sim-
ple dune forms are mounds or ridges with a minimum of slip faces, all of which are

similar in size or character. Simple dunes tend to be small, i.e., meters to a
few hundred meters in width or length and tens of meters high. Compound dunes are

mounds or ridges on which smaller dunes of similar type and slip face orientation
are superposed; these "two-story" dunes tend to be very large, measured in hun-

dreds to thousands of meters in width or length, and some are as high as 43u m.

Complex dunes are combinations of two or more dune types, and may be small, if

coalesced, or large, two-story constructs like compound dunes, if superposed.

Linear/Seif
Crescentic

Barchan/Megabarchan and Barchanoid/Megabarchanoid

Transverse
Reversing

Star

Dome

Climbing
Falling

Lee/Shadow
Parabolic

Lunette

Coppice

Vegetation Mounds

DESERT PROCESSES WORKING GROUP



WIND REGIME: The physiographic variations of dunes result from the interaction of
winds of various strengths and directions with collections of various particles
whose sizes allow them to be sorted and moved by wind. Consequently, these sand
patterns can tell much about the characteristics of both historical and present
winds. Details, where known, are given in the appropriate dune sections. The
most reliable clue to wind direction is that the slip face is always on the most
recent lee (downwind) side of the dune. Horns or arms that extend from the dune
can point either upwind or downwind. They normally point downwind unless anchored
by vegetation, as in the case of parabolic dunes.

EGINEZRING AND MILITARY USES: Sand grains of all dune forms described in this
section (except those of lunettes) are very fine to medium, about 0.06 to 0.5 mm.
On dunes with asymmetric slopes, the gentler upwind slope is wind compacted and
can usually support foot and light vehicular traffic. The steep lee slope, or
slip face, will not support either foot or vehicular traffic without avalanching.
Although skillful and experienced drivers can take some kinds of vehicles (dune-
buggy, light truck, etc.) down lesser lee slopes, it can be a dangerous procedure
and should be avoided. On dunes of any size, these vehicles must travel straight
down the 320 slip face to its abrupt junction with the interdune desert floor. A
general rule is theft vehicles should not be driven down the lee slope of a dune
taller than the wheelbase of the vehicle, and such descents down the lee slope
should begin slowly from the brink of the dune to avoid becoming airborne and
crash-landing at the foot of the slip face, with likelihood of serious injury. A
better route for descent can usually be found down the flank of the dune. The in-
terdunal floor is usually relatively flat and compacted, and easy to travel across
unless occupied by seasonally wet playas or smaller dunes. The floor may contain
patches of loose sand, which should be avoided, and it may be partly or fully en-
closed by dunes so that upslope escape is impossible (see Summary Sheet for Inter-
dune Areas). In general, fixed-wing aircraft operations are not appropriate to
dune areas because of the uneven topography and blowing sand, but rotary-wing air-
craft can operate on the interdune floors in many areas.

GENERAL REFERCS:

McKee, E.D. (ed.). 1979. A study of global sand seas. U.S. Geological Survey Pro-
fessional Paper 1052, 429 pp.

Pye, K. and H. Tsoar. 1990. Aeolian sand. Cambridge, MA: Unwin Hyman, 396 pp.
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SUMMARY SHEET - DESERT DUNES

DEPOSITIONAL PATTERNS LINEAR/SEIF

TRANSPORTED MATERIAL - WIND

DESCRIPTION: These dunes are straight to irregularly sinuous, elongate, sand
ridges of loose, well-sorted, very fine to medium sand. The straight varieties
are often called "sand ridges," and the sinuous varieties are often called
"seifs." The lengths of individual dunes, which are much greater than the widths,
can range from a few meters to many kilometers. Because of the temporal alterna-
tion of the slip faces on the ridge from one side to the other, both flanks can be
steep, and loose sand will be found on the top of the ridge as well as oc both
sides near the top. Surfaces on the lower flanks of both sides of the ridge are
wind compacted. These temporal alternations, which are caused by changes in wind
direction, range in duration from daily to seasonal, depending on the regional
wind regime. Linear dunes can occur in simple, compound, and complex forms. Sim-
ple dunes are single ridges with slip faces of the same size and location along
the dune flanks. Simple forms, commonly fixed by vegetation, are found mostly in
semiarid deserts. Compound dunes are usually found in much drier regions. Super-
posed on the main ridges of the compound dune are smaller, secondary, linear
ridges, some of which have coalesced. These large, compound forms, where sinuous,
are also known as seifs. Complex dunes are basal linear ridges superposed by oth-
er types of dunes (commonly star dunes). Linear dunes cover moLe jesert area than
any other type of dune, especially in central Australia, southern Africa, the
southwestern Arabian Peninsula, and parts of the Sahara, but they are not as
common (in the sense of occurring in almost every desert) as are the crescentic
dunes.

WIND REGIME: Linear dunes have formed in areas now characterized by wide ranges
of wind speeds and directions. Most are probably "fossil" dunes formed under more
vigorous wind regimes during Pleistocene climatic conditions. Since then, wind
regimes have apparently become less intense, although wind directions are appar-
ently similar. Thus, where linear dunes are active today, they are commonly being
modified into compound or complex features by the addition of secondary dunes.
Nonetheless, the long axes of linear dunes are aligned generally within 150 of the
prevailing wind or with the resultant drift direction of the local winds. The
sinuosity and alternate slip faces develop because crosswinds change direction and
alternately shepherd the sand to each side of the dune axes. The wind regimes of
linear dunes usually have a wider directional variability than those associated
with parabolic dunes or dunes in the crescentic group (barchans and transverse
dunes), despite the strong directionality of their ground pattern. On small-scale
imagery, such as Landsat, the appearance of fields of narrow, simple-to-compound
linear dunes can resemble that of large-scale, barren, bedrock yardangs in grooved
terrain (see Summary Sheets for Grooved Terrain and for Yardangs). Other visual
clues besides shape are needed to distinguish between them, such as vegetation,
slip faces, color, and local geology.

ENGrNXERING AND MILITARY USES: The grain size of these loose, well-sorted, very
fine to medium sands is about 0.06 to 0.5 mm. Linear dunes can be continuous for
many tens and even hundreds of kilometers, and they can form parallel barriers to
cross-country movement except down the interdunal passages, which are parallel to
the long axes of the dunes. These passages are frequently called corridors or
"streets." Their surfaces are usually stabilized ind firm, although they might
contain coppice dunes, playas, or other obstacles. Pwo adjacent dunes often join.
The resulting Y junction almost always opens into the prevailing wind (and thus
closes in the downwind direction). Compound linear dunes typically have many sub-
sidiary oblique ridges whose junctions with the main ridge also open into the
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wind. Interdunal corridors are sometimes closed by secondary dunes joining the
main ridges. In spite of the blind alleys and the interconnected, mazelike nature
of these interdunal corridors, they provide the only practical passage through the
dune field for foot and vehicular traffic. Areas of loose sand and active dunes
cannot be crossed unless the dunes are very small (a meter or so high) or wet,
following rain. Where vegetation is visible on the dune surface, vehicles can
probably "bull" their way straight up and over the dune and into the next corri-
dor. Travel up the :table flanks may need. to follow an oblique path, not perpen-
dicular to the crest, dep-nding on the steepness and surficial characteristics.
These judgments can be made at the site. Serious problems for navigation include
the restricted field of view from the floor of the interdunal corridor, the simi-
larity of the adjoining, repeated dune ridges, and the limited view from the tops
of the dune ridges--ail that can be seen are the flanks and tops of the immediate-
ly adjacent ridges and the tops of more distant ridges. So far as we are aware,
except tor parts of northern Africa, southern Africa, and central Australia, maps
do not show the necessary surface details to support cross-country navigation.
Without air photos or equivalent imagery, passage through such a field will be, at
best, a time-consuming trial and error procedure, and perhaps impossible. In such
a case, the best procedure is to head upwind to avoid being "boxed in" by two
dunes that join. The restrictions on the horizontal field of view within dune
fields make possible some level of horizontal and oblique cover and concealment
from aircraft. However, there is no cover and concealment from overhead aircraft,
or from units within the same interdunal area.

FOREIGN NAMES AND SYNONYMS (common names are underlined): Lcrritodinxl dunes,
seifs, sand-ridge dunes, oblique dunes, sigmoidal dunes, slouk, silk, alab, uruq,
whalebacks (some).



SUMMARY SHEET - DESERT DUNES

DEPOSITIONAL PATTERNS CRESCENTIC - BARCHAN/MEGABARCHAN
AND BARCHANOID/MEGABARCHANOID

TRANSPORTED MATERIAL - WIND

DESCRIPTION: These dunes are arc-shaped individual mounds or arc-shaped segments

of sand ridges consisting of loose, well-sorted, very fine to medium sand. The
upwind slope, which is usually less than 15°, is wind packed, and firm; the slip
face, or lee slope, is composed of unstable, loose sand at its customary angle of

repose of about 320. Two arms, also called horns, extend from the main body of
the dune mound or from each segment of a dune ridge; they point downwind. Sizes
of individual simple barchans range from a meter or so to perhaps a hundred meters

trom horn to horn. Compound barchans are large basal mounds with a single propor-

tionately large slip face and an upwind slope covered with many smaller barchans

or barchanoid ridges with proportionately smaller slip fac-, all oriented in the
same direction as the main dune. Such dunes have a "two-story" aspect and common-
ly grow to sizes of 1 or 2 km from horn to horn, with heights of 30 m or more.
These large compound dlino are often called "meganarchans." Individual barchans
or megabarchans commonly occur in elongate chains or trains that merge with coa-
lesced dunes in fields or ergs. Barchans and megabarchans are highly migratory:
small barchans typically move several meters to tens of meters per year, at speeds
inversely proportional to their size. Megabarchans move more slowly and commonly
"-i-4.1 " l rchans off their horns, as at Pur-Pur Dune north of Trujillo in
coastal Peru (Simons).

Barchans and megabarchans frequently occur in coalesced form as highly curved seg-
ments in continuous dune ridges more or less perpendicular to the wind direction.
Although this coalescence tends to obliterate the pattern of the arms, the main
characteristics of barchans--arcuate slip faces and more gentle upwind slopes--
persist. Because these characteristics have been retained, such dunes are called
harchanoid or meqabarchanoid ridges. These wavy, barchanoid forms contrast with
the straight or slightly curved segments of transverse ridges (see Summary Sheet
for Dunes - Crescentic - Transverse). Like transverse dunes, they typically oc-
cur as repeated, parallel ridges that can extend for hundreds of kilometers.

WIND REGIME: Of all dune forms, barchans and megabarchans have the best under-
stood, least ambiguous relations to the directions of the winds that form them.
The slip faces on these dunes are maintained by virtually unidirectional winds,
and the arms (horns) of the dunes point downwind, unlike parabolic dunes, whose
arms trail behind and point upwind (see Summary Sheet for Dunes - Parabolic). The
presence of barchans, with their typically crisp, fresh outlines, indicates that
strong, sand-moving winds blow frequently from one quarter. Where occasional or
seasonal winds blow from an opposite direction, barchans and megabarchans can de-
velop smaller, secondary slip faces oriented in a reverse direction from the main
slip faces (see Summary Sheet for Dunes - Crescentic - Reversing).

ENGINEERING AND MILITARY USES: The grain size of these loose, well-sorted, very
fine to medium sands is about 0.06 to 0.5 mm. In fields where barchans or mega-

barchans are isolated on a bare desert floor (bedrock or sand sheet), movement is

generally easy, both in a down-field and cross-field direction. Movement becomes

much more difficult where dunes are coalesced into a network pattern and inter-

dunal spaces are enclosed. The best route from one barchanoid or megabarchanoid
ridge to the next is along the horns that commonly extend downwind from one ridge
to the next, thus avoiding the interdunal basins. The surfaces of the gentler

slopes on the upwind sides of these dunes are wind-packed sand and are traffica-

ble. The surfaces of the steep lee slopes are loose sand that will avalanche eas-
ily. Slip faces higher than a meter or two should be avoided. Descents straight
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down such short slip faces are possible, but they should begin very slowly from
the dune brin- so avoid the separation of the vehicle from the dune surface, with
consequent crash-landing. This type of descent is not feasible for large or heavy
vehicles, because sand avalanches will result that can cause overturning. Depend-
inc on the size of the dune and wind conditions, the floor inside the cusp, near
the edge of the slip face, can be a good place to camp or effect repairs. If the
wind picks up to above 20 kph some of the fine particles can settle out into the
lee area. It also provides concealment from downwind travelers, because they must
look back into the cusp to see the area. Trenching in these dunes is not general-
ly practical unless they happen to be wet.

FOREIGN NAME AND SYNONYMS (common names are underlined): Crescent dunes, sand
hills, barkans, demkhas, giant crescent, bourrelets, draas (for the large forms),
megadunes.

REFERENCE:

_Simons, F'.S. 1956. A note on Pur-Pur Dune, Viru Valley, Peru. Journal of Geol-
)gy, v. 64, pp. 517-521.



' . ,PAITT[i-N: CRESCENTIC - TRANSVERSE

S VX,<'• ii,,[ TA AL - WlND

DESCRIPTION: Transverse dunes are accumulations of loose, well-sorted, very fine
,,uim sand in ridges that have a gentle stoss (upwind) slope (usually less

:aun><and a steep (320) slip face on the lee slope. The long axes of the
ire perpendicular to the wind direction. In plan view these ridges are

r ively straight or only slightly curved, and they look much like linear dunes.
i i-Y !Iffer, however, in some important aspects. First, the two flanks of a

a,•sverse ridge have different, rather than similar, angles of slope; the gentler
:Linid -Lope is composed of firmly packed sand and the steeper lee (avalanche)

is -of, and, loose sand. Second, transverse dunes migrate laterally, toward
hneXt ILine ridge, instead of longitudinally down the long axis of the ridge.

i ens that low ridges or "thresholds" of sand may extend from the lee slope", , a-ross the i-terdune area and connect with the next ridge downwind.

Transverse duines are a variety of crescentic dune ridges similar to barchanoid or
-•,ga anhaid ridges, but they are much straighter in plan view, so that on the
;r,nu[, tK, si,_iht curvature of ridge segments is not apparent. Like other cres-
>,ic rines, transverse dunes can become very large (segments as wide as 3 km
L110 horn to. horn) and commonly develop compound and complex forms.

WIND REGIME: 'nidirectional winds that are transverse to the long dimension of
the d in ridge.

ENGINEERING AND MILITARY USES: Grain size of these loose, well-sorted, very fine
medium sands is about 0.06 to 0.5 mm. Upwind slopes are firm and smooth and

can he traversed by foot or hy light 4-wheel-drive or dune-buggy types of vehi-
cles. Lee slopes, composed of loose sand, are liable to avalanche and overturn
vehicle=,. Thresholds (extended arms) between dunes can close an otherwise open
anrl trafficat)le interdunal corridor between successive ridges, with the result
that these corridors may become discontinuous basins that are difficult or im-
p assi1bieF for wheeled vehicles to climb out of, once in. The thresholds, however,
are abou.t as firm as the wind-compacted slopes; their crests can provide good
passaqe from the top of one dune to the next, so that the interdunal basins can be
avoided. The horizontal field of view is restricted within these dune fields, so
some level of cover and concealment is possible. Trenching is not advisable un-
less the dunes are wet.
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